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
x &ROOHFWLQJLQIRUPDWLRQIURPH[LVWLQJVWDQGDUGVDQGVWDWHRIWKHDUWUHDOXVHF\FOH
x &ROOHFWLQJLQIRUPDWLRQIURPWKH$57(0,6SURMHFW
x ([SHULPHQWDODFWLYLW\RQDYHKLFOHIRUVHWWLQJXSDQDFTXLVLWLRQV\VWHP
x ([SHULPHQWDOGULYLQJF\FOHVLQXUEDQUXUDODQGKLJKZD\VFHQDULRV
x $QDO\VLVRIUHFRUGHGGDWD
x %RXQGDU\FRQGLWLRQGHILQLWLRQWKURXJKDQDO\VLVRIUHFRUGHGGDWD
x 'DWDEDVHRIUHFRUGHGPLVVLRQVDYDLODEOHIRUIXWXUHGDWDLQWHJUDWLRQ

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7KHOLQNEHWZHHQWKHPLVVLRQSURILOHDQGWKHRSHUDWLRQDOPRGHRIFRPSRQHQWVKDVEHHQLQYHVWLJDWHGSDUWLFXODUO\
WKHLPSDFWRIWKH((9(57UHDOOLIHPLVVLRQSURILOHRQJHQHUDWRUZDWHUSXPSHQJLQHRLOSXPSDQGWKHIXHOSXPS$
VWDWLVWLFDODQDO\VLVRIWKHPLVVLRQSURILOHKDVEHHQGRQHDQGSRVVLEOHLPSURYHPHQWVRIWKHPHQWLRQHGFRPSRQHQWVZHUH
VXJJHVWHG)XUWKHUPRUHD ILUVWZRUNLQJ VLPXODWLRQ XVLQJDGULYHUPRGHORI WKHYHKLFOH IXHOFRQVXPSWLRQKDVEHHQ
FUHDWHG7KHVLPXODWLRQLVFDSDEOHRIWHVWLQJYDULRXVPLVVLRQSURILOHV


D

E
)LJ6\VWHPVLPXODWLRQDXVHULQWHUIDFHIRUYLVXDOL]DWLRQRISRZHUDQGHQHUJ\IORZVDQGEUHVXOWVRQIXHOHFRQRP\GXULQJUHDOOLIHGULYLQJ
F\FOHV((9(57PLVVLRQSURILOHDQG1HZ(XURSHDQ'ULYLQJ&\FOH1('&E\DSSOLFDWLRQRIWKH((9(57FRQFHSW
7KHQHZJHQHUDWRU
7KHQHZJHQHUDWRUFRQFHSWLVEDVHGRQDFODZSROHPDFKLQHZLWKLQWHJUDWHGSHUPDQHQWPDJQHWVIRUIOX[LQIOXHQFH
>)LJXUH@7KHPDLQFKDUDFWHULVWLFVRIWKLVFRQFHSWDUHDQLQFUHDVHGHIILFLHQF\GXULQJVWDQGDUGRSHUDWLRQDQGDSHDN
RXWSXWRIXSWRN:GXULQJEUDNLQJSKDVHVRIWKHYHKLFOH

5RWRUZLWK LQWHJUDWHG SHUPDQHQWPDJQHWV

)LJ([SORGHGYLHZRIWKHJHQHUDWRUSURWRW\SH
6LPXODWLRQZDVXVHGWRLQYHVWLJDWHWKHPD[LPXPSRZHUFKDUDFWHULVWLFRIWKHSURSRVHGGHVLJQIRUWKHQHZJHQHUDWRU
RQWKHPLVVLRQSURILOHUHDOOLIHF\FOH7KHUHVXOWVDUHVKRZQLQ)LJXUH

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)LJ,GHQWLILFDWLRQRIWKHRSWLPDOSRZHUSHUIRUPDQFHRIWKHQHZJHQHUDWRU
7KHEUDNHSKDVHVRSHUDWLRQSRLQWVVKRZWKHDYDLODEOHPD[LPXPUHFXSHUDWLRQHQHUJ\IRUHDFKEUDNLQJSKDVH7KH
VLPXODWLRQVWXG\GHPRQVWUDWHGWKDWDQHOHFWULFPDFKLQHZLWKDURXQGN:LVUHTXLUHGWRUHFXSHUDWHDURXQGRIWKH
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DYDLODEOHEUDNLQJHQHUJ\:%GXULQJWKHZKROHF\FOH,IWKLVFDQEHUHDOLVHGLWSURYLGHVDQDWWUDFWLYHFRVWEHQHILWUDWLR
IRUWKHQHZJHQHUDWRU

'XHWRWKHSURPLVLQJFKDUDFWHULVWLFV IURPWKHVLPXODWLRQDQDO\VLVWKHQHZJHQHUDWRUFRQFHSWKDVEHHQWUDQVIHUUHG
LQWRSURWRW\SLQJSKDVHDQGZDVWHVWHGRQDJHQHUDWRUWHVWEHQFK)LJXUHSUHVHQWVWKHPD[LPXPSRZHUFKDUDFWHULVWLFV
RIWKHQHZUHFXSHUDWLRQJHQHUDWRUSURWRW\SHRXWSXWFXUUHQW,*WRUTXH0'DQGHIILFLHQF\HWD7KHJUDSKVZHUH
PHDVXUHGRQDJHQHUDWRUWHVWEHQFK7KHUHGJUDSKVKRZVWKDWWKHPD[LPXPJHQHUDWRUFXUUHQWLVXSWR$ZKLOHWKH
YROWDJH LV DERXW 9 &RQVHTXHQWO\ WKH DYDLODEOH SRZHU GXULQJ UHFXSHUDWLRQ LV XS WR N: ZLWK WKLV SURWRW\SH
JHQHUDWRU7KHHIILFLHQF\LVDERXWLQWKHORZUDQJHRIVSHHGZKLOHLQWKHKLJKUDQJHRIVSHHGWKHHIILFLHQF\LVVWLOO
DERYH$QLPSRUWDQWIHDWXUHLVWKDWWKHUHLVRQO\DVOLJKWLQFUHDVHLQWKHGLPHQVLRQVFRPSDUHGZLWKWKHVWDQGDUG
JHQHUDWRU

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)LJ0D[LPXPSRZHUFKDUDFWHULVWLFRIWKHQHZUHFXSHUDWLRQJHQHUDWRUDW9
9/L,RQEDWWHU\
$ ZRUNLQJ JURXS GUDZQ IURP WKH SURMHFW SDUWQHUV ZDV FRQYHQHG WR FRQVLGHU WKH VWRUDJH WHFKQRORJLHV 7KH
FRQFOXVLRQZDVWRXVHD/L,RQEDWWHU\RSHUDWLQJDW9QRPLQDOZLWKDFDSDFLW\RI$KIRUWKHPDLQVROXWLRQ:LWK
DWDUJHWPD[LPXPUHFXSHUDWLRQSRZHURIN:WKHVWRUDJHGHYLFHKDVWREHDEOHWRWROHUDWHDFKDUJLQJFXUUHQWRIXSWR
$7KHSURSRVHG9/LLRQEDWWHU\LVEDVHGRQ$KOLWKLXPLURQSKRVSKDWHFHOOVIURP/L)H%DWWZLWKFHOOVLQ
VHULHVJLYLQJDQRPLQDOYROWDJHRI99FHOODQGFHOOVLQSDUDOOHOWRDFFHSWDPD[LPXPFKDUJHUDWHRI$
$FHOO7KLVUHVXOWVLQDPD[LPXPFKDUJHSRZHURIN:DQGD$KFDSDFLW\7KHPD[LPXPFKDUJLQJYROWDJHLV
9FHOOJLYLQJDPD[LPXPEDWWHU\FKDUJLQJYROWDJHRI9
7KH GHVLJQ LQFOXGHV D EDWWHU\PDQDJHPHQW V\VWHP WKDW SURYLGHV FKDUJH EDODQFLQJ FXUUHQW YROWDJH DQGZDUQLQJ
VLJQDOVIRUXQGHUYROWDJHRYHUYROWDJHIRUHDFKOD\HU
'&'&FRQYHUWHUFRQILJXUDWLRQGHVLJQDQGSUHOLPLQDU\WHVWV
2QHRIWKHPDLQFRPSRQHQWVRIWKH((9(57DSSURDFKLVD'&'&FRQYHUWHUZLWKPXOWLSOHLQSXWVIRULQWHUIDFLQJ
EHWZHHQWKHWZRYROWDJHOHYHOVDQGWKHGLIIHUHQWSRZHUJHQHUDWLRQVRXUFHV0XOWLSOH,QSXW3RZHU(OHFWURQLF&RQYHUWHU
 0,3(& 5HJDUGLQJ GHVLJQ DQG LPSOHPHQWDWLRQ WKH 0,3(& LV EHLQJ EXLOW LQ WZR ERDUGV RQH IRU FRQWURO 
VXSHUYLVLRQ XVLQJ D ODVWJHQHUDWLRQ DXWRPRWLYH 3RZHU3&PLFURFRQWUROOHU DQG DQRWKHU RQH IRU SRZHU ZLWK GULYHUV
SRZHUPRGXOHVDQGSURWHFWLRQV)UHTXHQF\RI WKHFRQYHUWHU LVN+]7KHV\VWHP LQFOXGHV+LJKVSHHG&$1EXV
DQG/,1EXVIRUFRPPXQLFDWLRQDQGDOLPSKRPHPRGHIRUVDIHW\

7KH SUHOLPLQDU\ PHFKDQLFDO GHVLJQ LV VKRZQ LQ )LJXUH  7KH V\VWHP LQFOXGHV KLJKSRZHU LQSXW  RXWSXW
FRQQHFWRUVIRUKLJKYROWDJH9DQGORZYROWDJHSRZHUQHWDEOHWRVXSSRUWXSWRN:DQGPHGLXPSRZHULQSXW
RXWSXW FRQQHFWRUV : IRU WKH WKHUPRHOHFWULF DQG SKRWRYROWDLF JHQHUDWRUV 7KH V\VWHP LV GHVLJQHG WR OLPLW WKH
SRZHUWUDQVIHUEHWZHHQLQSXWVDQGRXWSXWORZYROWDJHSRZHUQHWDW9WRDPD[LPXPRIN:

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
)LJ0,3(&SUHOLPLQDU\PHFKDQLFDOGHVLJQ
1HZDQGLPSURYHGDFWXDWRUV
9DFXXP3XPS
,Q WKH ((9(57 DSSURDFK WKH PHFKDQLFDO XQLW LV UHSODFHG E\ DQ HOHFWULF YDFXXP SXPS (93 DOORZLQJ IXOO
YDFXXPFLUFXLWSHUIRUPDQFHIRUWKHHYDFXDWLRQRIWKHEUDNHERRVWHU$OWKRXJKWKHHIILFLHQF\RIWKHHOHFWULILHGYDFXXP
SXPSLVOHVVWKDQWKHGLUHFWPHFKDQLFDOGULYHDWPD[LPXPSHUIRUPDQFH LWSURYLGHVWKHDELOLW\WRVZLWFKWKHHOHFWULF
YDFXXPSXPSRII)URPUHDO OLIH XVH LWKDVEHHQ IRXQG WKDW WKHYDFXXPSXPS LVQRW UHTXLUHG IRUPRVWRI WKH WLPH
OHDGLQJ WR VDYLQJV E\ VZLWFKLQJ RII WKH YDFXXP SXPS ZKHQ LW LV QRW QHHGHG ([SHULPHQWDO DQG VLPXODWLRQ WHVWV
LQGLFDWHDWRWDOUHGXFWLRQLQIXHOFRQVXPSWLRQRIZLWKWKHHOHFWULFDOYDFXXPSXPSGXULQJVHYHUDOGLIIHUHQWGULYH
F\FOHV

7KH(93)LJXUHLVDGU\UXQQLQJYDQHSXPS7KLVLVHVSHFLDOO\XVHIXOIRUVWDUWVWRSFDWDO\VWKHDWLQJK\EULG
YHKLFOHVGXULQJHOHFWULFGULYLQJDQGIUHHZKHHOLQJPRGH,WKDVDFRPSDFWGHVLJQDWKLJKIORZUDWHSHUIRUPDQFHZLWK
ORZ SUHVVXUH SXOVH ZLWK VPDOO ER[ YROXPH ,W FDQ SURYLGH VWRSVWDUW DQG IUHH ZKHHOLQJ RSHUDWLRQ DW IXOO EUDNH
SHUIRUPDQFH $ IXUWKHU DGYDQWDJH LV WKDW LQWHJUDWLRQ RI WKH (93 RQ WKH YHKLFOH LV HDVLHU DV LW QR ORQJHU PRXQWHG
GLUHFWO\RQWKHHQJLQH

)LJ7KHHOHFWULFDOYDFXXPSXPSIRUWKH((9(57SURMHFW
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)XHO3XPS
7KH FXUUHQW SURGXFWLRQ IXHO SXPS LV EDVHG RQ D SHUPDQHQW PDJQHW '&PRWRU 3UHVVXUH LV UHJXODWHG WKURXJK D
SDVVLYHSUHVVXUHUHJXODWRUVXUSOXVIXHOIORZUHWXUQVWRIXHOWDQN7KHSXPSLVDOZD\VZRUNLQJDWLWVPD[LPXPPRWRU
VSHHGUHJDUGOHVVRIWKHDFWXDOIXHOUDWHUHTXLUHGWRPHHWHQJLQHSHUIRUPDQFH
7KH QHZ PDQDJHPHQW VWUDWHJ\ UHJXODWHV WKH IXHO UDWH IURP WKH SXPS LQ RUGHU WR DVVXUH WKH UHTXLUHG HQJLQH
SHUIRUPDQFH DQG PLQLPL]H WKH IXHO UHFLUFXODWLRQ $ VPDOO DPRXQW RI UHFLUFXODWLRQ LV UHTXLUHG LQ WKH FRPPRQ UDLO
LQMHFWLRQ V\VWHP7KH UHJXODWLRQ RI WKH IXHO UDWH LV DFKLHYHG WKURXJK D FXUUHQW FRQWUROOHG GULYHU DSSOLHG WR WKH IXHO
SXPS'&PRWRU


)LJ1HZIXHOV\VWHPDUFKLWHFWXUH
7KHUHTXLUHPHQWVIRUWKHIXHOSXPSFRQWURODUH
x 7RSURYLGHWKHPLQLPXPDPRXQWRIIXHOUHFLUFXODWLRQLQWKHFLUFXLW
x 7RGHOLYHUWKHUHTXLUHGIXHOUDWHWRWKHKLJKSUHVVXUHIXHOSXPSWRPHHWUHTXLUHGHQJLQHSHUIRUPDQFH

%HQHILWV
,QPRVW YHKLFOH FRQGLWLRQVPD[LPXP HQJLQH WRUTXH LV QRW UHTXLUHG FRQVHTXHQWO\PD[LPXP IXHO GHOLYHU\ LV QRW
UHTXLUHG7KHIXHOSXPSFXUUHQWUHTXLUHGWRVXVWDLQDYHUDJHIXHOIORZIRUDYHUDJHHQJLQHRXWSXWLV$7KLVHTXDWHV
WRDVDYLQJRIDERXW:HOHFWULFDO$DW9DQGOHDGVWRDUHGXFWLRQRIIXHOFRQVXPSWLRQRIDERXWERWKRQ
1('&DQGLQUHDOOLIHPLVVLRQV
(QHUJ\PDQDJHPHQW
)RXUHQHUJ\PDQDJHPHQWDOJRULWKPVWKDWFRQWUROWKHJHQHUDWRUKDYHEHHQHYDOXDWHG,QWKH1R5HJHQHUDWLRQ15
DOJRULWKP WKH JHQHUDWRU DOZD\V JHQHUDWHV WKH HQHUJ\ WKDW LV QHHGHG E\ WKH HOHFWULFDO ORDGV 7KH %DVHOLQH %/
(TXLYDOHQW&RQVXPSWLRQ0LQLPL]DWLRQ6WUDWHJ\ (&06DQG'\QDPLF3URJUDPPLQJ '3DOJRULWKPV UHJHQHUDWHDV
PXFK DV SRVVLEOH ZKHQ WKH YHKLFOH EUDNHV 7KLV H[SODLQV ZK\ WKH\ DUH EHWWHU WKDQ WKH 15 DOJRULWKP 7KH (&06
DOJRULWKPUHGXFHVWKHIXHOFRQVXPSWLRQVXEVWDQWLDOO\FRPSDUHGWRWKH%/DOJRULWKPIRUDOOLQYHVWLJDWHGHOHFWULFDOORDG
OHYHOVDQGGULYLQJF\FOHV7KH IXHO VDYLQJVDUHEHWZHHQDQGZKHQ WKHHOHFWULFDO ORDGV UHTXLUHDQDYHUDJH
SRZHURIPRUHWKDQ:7KH(&06DOJRULWKPJHQHUDWHVHQHUJ\DWWLPHVZKHQWKHSULFHIRUJHQHUDWLRQLVORZDQG
XVHV WKH EDWWHU\ DW WLPHV ZKHQ WKH JHQHUDWLRQ LV PRUH FRVWO\ )LQDOO\ WKH GLIIHUHQFHV LQ SHUIRUPDQFH EHWZHHQ WKH
(&06DOJRULWKPDQG'3DOJRULWKPDUHYHU\VPDOOOHVVWKDQIRUDOOLQYHVWLJDWHGFDVHV7KLVLQGLFDWHVWKDWYHU\
OLWWOH FDQ EH JDLQHG SHUIRUPDQFHZLVH E\ GHYHORSLQJ PRUH FRPSOH[ DOJRULWKPV WKDW IRU H[DPSOH PDNH XVH RI
LQIRUPDWLRQDERXWWKHURDGDKHDG
&RVWEHQHILWFRPSDULVRQRIPRGHUQSRZHUWUDLQFRQFHSWV
7R JXDUDQWHH D PDUNHWDEOH VROXWLRQ ZLWK D UDSLG ODXQFK DQG D IDVW PDUNHW SHQHWUDWLRQ ((9(57 LV DLPLQJ WR
DFKLHYHDQDWWUDFWLYHFRVWEHQHILW UDWLR IRU WKHVROXWLRQ$ ILUVWHVWLPDWLRQRI WKHDGGLWLRQDOV\VWHPFRVWV IRU WKH((
9(57DSSURDFKZDVPDGHIURPDYHKLFOHPDQXIDFWXUHUSRLQWRIYLHZ)XUWKHUPRUHDILUVWFRVWEHQHILWDQDO\VLVRIWKH
((9(57V\VWHPZLWKRWKHUSRZHUWUDLQFRQFHSWVZDVGUDZQXS7KHDFKLHYDEOHEHQHILWRIWKH((9(57DSSURDFKRQ
UHDOOLIHF\FOHLVEHWZHHQDQG7KHWRWDOEHQHILWRQ1('&LVHVWLPDWHGEHWZHHQDQG7KHDGGLWLRQDOFRVW
RIWKH((9(57V\VWHPKDVDWDUJHWRIFRPSDUHGZLWKIRU+(9DQG!IRU(9V>@7KHFRVWEHQHILW
FRPSDULVRQRIFXUUHQWSRZHUWUDLQFRQFHSWVVKRZVWKDWWKH((9(57FRQFHSWKDVDYHU\DWWUDFWLYHFRVWEHQHILWUDWLR
+(9VDQG(9VKDYHKLJKDGGLWLRQDOV\VWHPFRVWV7KH((9(57VROXWLRQKDVWKHSRWHQWLDOWREULGJHWKHJDSEHWZHHQ
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FRQYHQWLRQDOYHKLFOHVDQG+(9VDQG(9VUHVSHFWLYHO\E\GHOLYHULQJDIDVWPDUNHWODXQFKDQGWKHUHIRUHDQLPSRUWDQW
LPSDFWWRUHGXFHWKH&2HPLVVLRQVLQ(XURSH
&RQFOXVLRQ
7KLVSDSHUKDVSUHVHQWHGWKH((9(57FRQFHSWDQGDFWLYLWLHVZKLFKDUHXQGHUWDNHQWRUHDOLVHHQHUJ\HIILFLHQF\DQG
&2 UHGXFWLRQ IRUFRQYHQWLRQDOYHKLFOHV7KLVSURMHFW LVDLPLQJ WRPDNHD VLJQLILFDQWFRQWULEXWLRQ WR UHGXFLQJ&2
HPLVVLRQVRIFRQYHQWLRQDOYHKLFOHVLQURDGWUDQVSRUWVHUYLFH&HQWUDOWRWKH((9(57DSSURDFKLVWKHGHSOR\PHQWRI
DQ RYHUDOO HQHUJ\ PDQDJHPHQW VWUDWHJ\ LQ FRPELQDWLRQ ZLWK WKH HOHFWULILFDWLRQ RI DX[LOLDULHV GULYHQ E\ UHFRYHUHG
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